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EXECUTIVE SUMMARY 
 
Extensive research developed recently has proven the relationship between the built 
environment and physical activity. Neo-traditional environments following new urbanist 
designs are likely to support pedestrian and cycling activity by providing good street 
connectivity, pedestrian amenities, land use mixture, and high densities. Innovative tools 
such as pedestrian audits and GIS have allowed researchers the use of disaggregated 
measures of the built environment at the micro-level. Despite the advent of these tools, the 
relationship with actual travel behavior, and furthermore, their effects on accessibility to 
mass transit systems has not been tested.  
 
Congestion, mobility and accessibility problems, as well air pollution in dense urban areas 
have proven that auto-oriented cities are not sustainable. Among mass transit systems, Bus 
Rapid Transit has emerged rapidly as a cost-effective alternative to mobility in urbanized 
areas. This project uses the successful case of Bogotá’s BRT to study the application of these 
innovative tools and test their relationship with the built environment at the micro-level.   
 
Important results drawn from the study show that when the built environment supports 
walking and biking activity, higher pedestrian activity at the micro-level and higher ridership 
volumes at the station level are attained. Furthermore, attributes such as sidewalk width and 
presence of traffic control devices are associated with higher pedestrian activity in the 
vicinity of transit stations, after controlling for socio-demographic characteristics. This study 
presents a demand model which includes attributes that were not accounted for in the past, 
constituting an important advance in travel behavior understanding.  
 
Key words: BRT, accessibility, pedestrian audit, ridership, urban form, built environment, 
Bogotá, travel behavior, TransMilenio. 
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I. INTRODUCTION 
 
Relationships between the built environment and the way people move have captivated 
researchers and policy makers mainly because we have an incipient understanding of how 
and why individuals decide to travel. In particular, the relationships among walking, biking, 
transit, and the built environment studied over the years have yielded interesting results, not 
only in the way the built environment is defined and measured, but also in encountering 
surprising findings about travel behavior.  Various tools for measuring and quantifying urban 
form have been developed, and their validity and reliability have been proven, through 
various investigations (Clifton et al 2005; Emery et al, 2003).  They include micro-level 
audits, geographic information system analyses, and community surveys.  These tools 
provide basic data that can be used to examine whether certain urban designs and forms 
encourage non-motorized travel behavior.  
 
At the same time, researchers have begun considering micro-characteristics of the 
environment and their relationship to transit use. As Cervero argues (2002), measures of the 
three Ds of the built environment--density, diversity and design--are to be included in the 
models to avoid biased coefficients and to improve their explanatory power (Rodríguez and 
Joo, 2004). Active Living by Design (Active Living by Research) highlights the importance 
of proximity between origins and destinations, defined as a measurement of land use 
mixture, in promoting a more walkable environment. Connectivity, understood as the ease to 
travel across destinations by non-motorized modes, has also been part of the micro-level 
analysis that supports friendlier environments. People living in places with high population 
and employment densities, which are close to different services such as shops, convenience 
stores, and drug stores, are more likely to commute to work walking or biking (Designing for 
Active Transportation, 2005). Residents of neo-traditional neighborhoods, which support 
physical activity through the built environment, are more likely to include walking and biking 
in their daily routine while running errands (Rodriguez et al, 2006). The inclusion of 
measurements at the micro level has become necessary to provide a more accurate 
understanding of travel behavior.  
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However, there is a breach between the methods that quantify and examine urban spatial 
characteristics like the use of audit tools and the demand associated with such environments. 
Possible causes are the relative novelty of audits and the considerable effort required in their 
application.  This project adapts an established audit that has been implemented in Australia, 
North Carolina, Texas, Maryland, and Oregon to study access to bus rapid transit stations in 
Bogotá, Colombia. The audit was translated into Spanish and simplified for the current 
application.  The purpose of the project is to examine the relationship of micro-level data of 
the built environment and bus demand at the stop level.  The project will produce evidence 
that will help us understand the relationships between the built environment around transit, 
accessibility, and ridership. So far, the question of whether walkable and bikeable 
environments around transit stops will be reflected in higher ridership remains largely 
unanswered. 
 
This study is divided into nine sections. The first section introduces the topic and motivation 
for conducting this research. The second section provides a definition of what a Bus Rapid 
Transit system is and why it has emerged as an effective alternative for developing cities. 
Section three presents a comprehensive literature review on measuring the built 
environment, while section four describes the existing literature on demand modeling for 
BRT, and how micro-level measurements have been included. Section five describes Bogotá, 
the area of study, the institutional context, and the BRT system, TransMilenio. The data 
collection process, a description of the pedestrian instrument implemented, and the 
econometric methods used are presented in section six. Section seven summarizes the data 
and provides a description of how the data was analyzed. The results of the analyses are 
presented in section eight, and conclusions are provided in section nine. 
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II. DEFINING BUS RAPID TRANSIT - BRT 
 
Transportation planners and policy makers have begun to re-evaluate the value of enhanced 
bus services as a cost-effective investment for satisfying growing demands for urban mobility 
in cities.  Theory suggests that accessibility to a transportation system is related to a wide 
number of factors. Despite cases like Curitiba, where BRT has been pivotal in the 
formulation of an integrated transport-land use strategy (Rabinovitch and Leitman 1996, 
Smith and Raemaekers 1998), to my knowledge there is no evidence regarding the 
relationship between accessibility to BRT and ridership. Accessibility is conceived as a 
multidimensional concept.  Key factors expected to influence access to BRT include:  
density, sidewalks, land-use type, slope, road attributes such as number of lanes, 
intersections, speed limit, traffic control devices and on-street parking, and safety factors 
such as crossing aids and public lighting. When these attributes support walking activity, they 
are perceived as increasing access to the transportation system.  
 
BRTs provide various advantages over light rail systems, subways, and even heavy rail. 
Busway construction costs tend to be less, they offer similar passenger capacities, can be 
implemented through different stages, and are very flexible. This flexibility in the 
construction process and in demand allocation makes BRTs more elastic in accommodating 
budgetary constraints. Different studies (IEA, 2002; Targa, 2004) have tried to summarize 
BRTs characteristics, but in general, these can be categorized as: 
 
• Exclusive  busways with a certain degree of separation from regular traffic 
• Traffic signals or infrastructure that allow bus prioritizing 
• Busway and station design that allow system to have local and express services 
• Bus stop design similar to train and metro stations with comfortable waiting 
areas and other amenities  
• Prepaid tickets, integrated fares, intelligent collection methods, and free transfers   
• Articulated buses with multiple doors and  level docks for rapid flows 
• High-capacity buses (up to 160 passengers for a bi-articulated bus)  
• High environmental standards with low emissions  
• Constant tracking and location of buses by GPS for control and fast response 
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• Smaller vehicles provide a feeder service, often times operated by different 
companies or even individuals 
• Real-time information is provided at stations and on buses 
• Facilities for pedestrian and cyclist access  
• Better designs for ease of disabled and mobility-impaired users 
• Increased regulations for bus operators 
• Provision of park-and-ride lots, usually located at the end of busways 
• Community appreciation of the system 
• Importance of public space and pedestrian rights 
• Land-use regulations and their close relationship to busway and BRT alignments  
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III. BUILT ENVIRONMENT AND TRAVEL BEHAVIOR 
 
During the past decades, a variety of studies, both empirical and theoretical, have researched 
the different effects of the built environment on transportation, and more specifically, on 
transit. Different reviews have been done, in particular three since 2000 (Badoe and Miller, 
2000; Crane, 2000; Ewing and Cervero, 2001), and these analyze the relationships between 
travel behavior and the built environment (Rodriguez and Joo, 2004). Khattak and 
Rodriguez (2005) study detailed aspects of the built environment and their effects on travel 
behavior in two neighborhoods in the United States, a neo-traditional neighborhood, which 
follows the principles of new urbanist designs, and a conventional neighborhood. After 
controlling for self-selection and demographic characteristics they found that households in 
neo-traditional neighborhoods substitute some automobile trips with walking trips. Studies 
done recently have analyzed the effects of the built environment on mode choice, 
particularly comparing driving and walking, finding that by increasing distance to 
destinations walking trips are likely to be less frequent (Shay et al. 2006). Although some 
studies have started bringing together mode choice and travel behavior with specific aspects 
of the urban form such as densities, pedestrian facilities and connectivity, the relationship 
with mass transit systems has not yet been researched. There is still a missing link between 
the existing methods for observing the effects of the built environment and ridership 
volumes for transit systems, and especially BRT. 
 
By omitting the physical attributes of the environment we may also bias other coefficients 
that rely heavily on them.  For example, the existence of  sidewalks in the urban context 
could make transit more attractive just by being correlated with higher automobile parking 
costs and higher travel times (Rodríguez and Joo, 2004). Mixed land uses, good street 
connectivity, high employment, and population density at traveler origin and destination 
tend to increase bicycle and pedestrian trips (Frank and Pivo, 1994; Handy, 1996; Cervero, 
1996; Kitamura et al, 1997; Greenwald and Boarnet, 2000; Rodríguez and Joo, 2004).  
However, the origin of these trips poses underlying questions: Are they being diverted from 
private automobiles? Are they new trips? Are they recreational trips? Or even more 
interesting, are these trips feeding the existing transit systems? People living in high-density 
residential areas have a higher likelihood to walk to transit, according to TCRP Report #16.  
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On the other hand we can observe different and ambiguous results for similar attributes 
such as presence of sidewalks, sidewalk width, and topography. In some empirical studies 
they have been proven to account for positive effects on non-motorized travel behavior, but 
not for increased transit accessibility. For example Rodriguez and Joo found that topography 
has a direct effect on likelihood to walk or cycle but has no impact on the pedestrian access 
to transit. Both Rodríguez and Joo (2004) and Cervero (2002) argue that it is very important 
to include these attribute measures to improve and widen the range of the models and to 
avoid biased parameter estimations. They also strongly suggest that a more detailed process 
to quantify the characteristics of the built environment needs to be included in the traditional 
utility models to obtain a clearer understanding of their effects on travel behavior.  
 
During the past years public health, transportation, and planning experts have joined forces 
to examine the relationship between the physical environment and travel behavior. 
Assuming that a more suitable environment for walking and bicycling will encourage 
community members to be more physically active (Emery et al, 2003), different 
environmental audits have been designed to measure and assess the environment and its 
attributes. A complete review performed by Vernez and Lee in 2002 studied existing tools 
for measuring and auditing the environmental friendliness of walking and bicycling.  Emery 
et al (2003) studied the validity and reliability of a walking and bicycling suitability 
assessment. Pikora et al (2002) developed a complete pedestrian audit, the Systematic 
Pedestrian and Cycling Environmental Scan (SPACES), and Rodriguez and Clifton 
examined the Pedestrian Environmental Data Scan (PEDS) in 2004. Various indices and 
audits that study urban context have been designed, but validity among most of them is still 
pending (Rodriguez and Joo, 2004; Vernez and Lee, 2002). 
 
Emery studied the reliability and validity of these instruments by having experts from the 
health and transportation fields travel road segments.  They then completed a one-page 
questionnaire to numerically record different attributes or lack of attributes observed. An 
algorithm was applied to the values to generate a suitability score, and a correlation analysis 
was run in SPSS to find intercoder reliability.  A Pearson product moment was calculated to 
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determine the validity for the instruments. Both the walking and the bicycling assessments 
showed relatively high scores for reliability and validity.   
 
SPACES was designed specifically for Australia and is a practical and reliable tool to measure 
the street environment (Pikora et al, 2002). It used information collected in a previous 
physical activity survey of over 1,800 residents and audited 400 meters around each 
resident’s home, recording each segment of roadway separately. In general, SPACES had 
high inter- and intra-rater reliability kappa scores for most of the features measured.  
 
PEDS examines important aspects of the built environment, specifically pedestrian aspects 
that are associated with physical activity. The methodology is very complete, including a 
training package, administration protocols, and the instrument per se. Its reliability was 
tested successfully in four communities in Maryland and in Chapel Hill, North Carolina for 
rater, context, and administrative modes.  In general, some key findings show high kappa 
coefficients, thus high degree of agreement. The variation of reliability increases as the urban 
context becomes more complex, and administering the instruments in pairs became the 
more reliable method. The complete results for reliability tests are presented in the appendix.  
 
A complete review of the existing instruments used to audit pedestrian and bicycling 
environments was done by Vernez and Lee in 2002 and evaluates three main components: 
origins and destination of the trip, characteristics of the segment studied, and characteristics 
of the surrounding areas. The review shows that almost 200 variables were used by the 
different instruments studies, reflecting the uncertainty over which are the key aspects that 
affect walking and bicycling. In the same way, both SPACES and PEDS had difficulty with 
some specific attributes for determined segments. Since these scores are based on the 
subjective judgment of the auditor, the process of training has a major role in the consequent 
measurements. It is accepted now that attributes of the environment play an important role  
over the physical activity of individuals; however, more research is needed to identify which 
are truly relevant and whether the relationships found are consistent among different 
settings, populations, and demographic groups (Pikora et al, 2002; Rodríguez and Joo, 2004). 
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These innovative tools provide support to feed models at the micro-level by collecting very 
specific disaggregated data. Furthermore, the advent of geographic information systems has 
allowed the use of these disaggregate measures of the built environment in more complex 
methods. 
 
In summary, there is an emerging body of literature examining the relationship between the 
built environment and travel behavior. Innovative tools to measure the built environment 
have been proposed, but their relationship to actual travel has not been tested.  In the 
context of a rapidly growing metropolis, the application of such innovative tools, coupled 
with passenger demand for bus rapid transit, provides a suitable environment for testing 
desired associations.  
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IV. MODELING THE DEMAND FOR BRT 
 
Questions remain about how to predict the demand for innovative transportation 
technologies such as busways. The traditional approach followed by international consultants 
and local and central governments is to develop a disaggregate survey of commuting choice 
among selected transportation options such as automobile, transit, and walking and using 
their revealed behavior to predict individual decisions as a function of the attributes of the 
choices available. Such estimates are critical in the economic evaluation of projects. The 
most traditional forecasting method used by transportation engineers and planners has been 
the four-step model. It is defined and constituted as a zonal model that uses large-scale units 
of analysis such as region, traffic analysis zone (TAZ), or route segments, which are not 
specific enough because demand is generated at the stop level (Chu, 2004). By using 
segment-level (or larger) data we are assuming that social demographics, pedestrian access to 
the stations, and other environmental issues are homogenous throughout the segment, an 
assumption that in many cases will not be true, possibly altering the model outcome (Chu, 
2004). However, the data collection and estimation costs of this approach tend to be 
prohibitively high. Developed and developing cities need accurate yet inexpensive tools to 
predict future demand for such facilities. 
 
Current models of BRT demand have several shortcomings and are specifically incomplete 
in measuring the relationship between the built environment and accessibility. Accessibility 
to BRT stations has been measured as a function of distance, neglecting other built 
environment and neighborhood factors that play a significant role in determining travel 
patterns (Rodríguez and Joo, 2004; Khattak and Rodríguez, 2005). Also, in a traditional 
transportation model non-motorized modes are rarely included (Rodríguez and Joo, 2004), 
making it even more difficult to understand the relationships between accessibility, 
environment, and travel behavior. 
 
Given the relative disenchantment with four-step models and the risk for model 
misspecification, researchers, consultants, and municipalities have developed stop-level 
demand models for transit use. Although the existing literature that relates these models with 
the urban form is very limited, a complete paper, published in December 2004, was 
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reviewed.  This research analyzes ridership volumes at the stop level accounting for six main 
categories: 1) socio-demographics in the catchment area; 2) Transit Level of Service (TLOS) 
value; 3) street environment for pedestrians; 4) accessibility to population and employment; 
5) interaction with other modes; and 6) competition with other TLOS stops. The study uses 
the Jacksonville, Florida system that is part of the TLOS software designed by the Florida 
Department of Transportation to measure mobility and availability (Chu, 2004). Although 
the model used fits well, and behaves partially as expected, it has many shortcomings. It uses 
a Poisson distribution which represents the number of results in a given space of time, but 
starts as a traditional regression encountering opposite (not as expected) signs for a 
significant number of variables. Given the large data requirements, stops had to be joined, 
changing the initial unit of analysis from one stop to four aggregated at an intersection now 
called a TLOS stop. This creates problems such as not being able to differentiate 
accessibility downstream from upstream and not being able to include stop amenities. In 
general, the six groups influence the ridership in the expected direction (coefficient signs).  
 
As noted by Fehr and Peers recently, some cities have begun to understand the importance 
of non-traditional predictors for ridership models of their transit systems. Models developed 
in northern California and Utah based on information collected on over 100 stations have 
proven population, population density, and employment activity to be powerful predictors 
for ridership. The Sacramento Area Council of Governments with the collaboration of the 
Sacramento Transportation and Air Quality Collaborative designed a long range (50 years) 
Land Use and Transportation plan based on four different assumptions: the first model 
assumes growth with the current trends; the second model assumes increased land-use 
density as for permitted levels; higher density and smart growth oriented towards supporting 
transit are assumed in model three; finally model four uses a balanced land use method 
across sub-regions. All four models were done under the assumption of 50% population 
growth over the next 50 years. In sum, the third model showed that promoting walkable and 
denser developments around transit stations could reduce daily vehicle trips by 35% and 
regional vehicle miles by almost 50% (SACOG, 2005). Smart Growth Twin Cities adopted a 
similar approach to the Sacramento model where they would develop a ridership model for 
two different scenarios. One scenario followed current trends, while the other one assumed 
what have been called more recently as the four D’s: density, diversity of land uses, 
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pedestrian design and access to regional destinations. Under the smart growth scenario they 
found that ridership of the regional LRT and transitway ridership would increase by over 
30%. This model used a larger level of analysis, the parcel level, which can account in a more 
detailed way for aspects of the urban form but can still overlook important attributes. 
Although these forecasting models prove the importance of walkable environments they do 
not use disaggregated data, therefore the relationship between ridership and these attributes 
remains untested (Fehr and Peers, 2005).  
 
This research project will make two contributions to the planning field. The first 
contribution is PEDS mini, a simplified tool designed entirely in Spanish to audit specific 
aspects that large cities of developing countries consider as critical. The second contribution 
is more abstract but is intended to prove that there is a connection between urban form and 
accessibility, hence ridership to transit. So far, there is little evidence that models at the stop 
level can be used as forecasting tools, especially for developing cities. 
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V. AREA OF STUDY AND INSTITUTIONAL CONTEXT 
 
Bogotá, Colombia’s capital, lies in the middle of the Andes Mountains.  The city sits a little 
more than 2,640 meters above sea level and just 4 degrees north of the equator.  The year-
round weather is like spring. With a plateau of more than 28,150 hectares and approximately 
6.5 million inhabitants, Bogotá is one of the densest cities in the world, with between 210 
and 230 people per hectare (depending on the source), or approximately 3,500 people per 
square kilometer. It is the political, economic, and administrative capital, and concentrates 
almost 30% of Colombia’s GDP. Almost 15% of Colombians live in Bogotá with a per 
capita GDP of US$3,300, as compared to US$2,020 GDP of those living outside of Bogota 
(World Bank, 2001). After more than 450 years—the city was founded in 1538— Bogotá 
elected its first mayor in 1989, through popular vote, and in 1991, with Colombia’s new 
Political Constitution, it became an independent Capital District, officially designated as the 
political and administrative center.  
 
For a long time, Bogotá has faced mobility problems and excessive traffic, and over the past 
few decades this has turned into an environmental issue. Nonetheless, it has a low rate of 
auto-ownership— only about 11% (Targa, 2004). Bogotá residents have always dealt with 
traffic congestion due to a lack of adequate transit systems, large populations concentrated in 
rather small urban centers, social disparity, and inadequate infrastructure. From 1985 to 
1995, the number of vehicles in the city grew ten times faster than the infrastructure 
(Acevedo, 2003). Almost 72% of motorized trips are by bus, with either private auto or taxi 
accounting for 19% (Acevedo, 2003). 
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Figure 1. Colombia- Bogotá 
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Approximately two-thirds of the public space (roads) was occupied by the 11% who own a 
car. These conditions have lead to unimaginable levels of congestion going beyond peak 
hours, direction of traffic flow, or even specific areas. In 1999, during the peak period the 
average speed could be as low as 12 kilometers per hour (Targa, 2004).  
 
One may be inclined to think that private automobile travel on the few existing roads is the 
only problem.  However, greater contributors to this chaotic situation are the poorly 
regulated transit systems which encompass various types of buses, jitneys, and other kinds of 
paratransit. According to the 1996 JICA report Bogotá had one of the largest transit fleets 
per capita in the world (Targa, 2004).  
 
Even though the city and the national government have discussed the idea of a subway 
system for decades, Bogotá has not had the economic resources, the political power, or the 
alternative infrastructure to carry out a project of this magnitude. Bogotá’s first busway, 
Avenida Caracas, was constructed in 1988 and connected the south and the north of the 
central city with the Central Business District (CBD). This busway traversed sixteen 
kilometers with four central lanes, two each going opposite directions, separated from mixed 
traffic and carrying, during peak periods, more than 36,000 passengers per hour per direction 
(Ardila and Rodriguez, 2000). With the existing regulation, or lack thereof, this busway soon 
became congested with operators running empty buses to a point where it was not 
sustainable. Although the average speeds were higher than the city’s approximately 25 
kilometers per hour, it was poorly maintained, provided low levels of service, and traffic 
problems were increasing all around it.  
 
Around 1996, before President Ernesto Samper’s term ended, he promised the city the 
resources and support for financing a subway system. Given more pressing needs of the 
country, these resources never became available.  At the same time an alternative system, the 
Bus Rapid Transit or BRT, was being evaluated. Bogotá not only needed an efficient, safe, 
and environmentally friendly mass transit system, but also a plan to revitilize public space 
along with disincentives for the use of private automobiles. During Enrique Peñalosa’s 
three-year period as Bogotá’s mayor, TransMilenio and its entire process was planned, 
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designed, built, and inaugurated in December of 2000. The system was designed as a public-
private partnership and included an exclusive busway lane, bi-articulated buses and the 
required infrastructure to function properly. Former bus drivers and bus owners joined 
entrepreneurs participating in the bidding process to operate different lines. Fares started at 
1,000 Colombian pesos, US$0.33 at the time, and the public company, TransMilenio S.A. 
was created to plan and control the system.  
 
Today the fare is $1,200 Colombian pesos or US$0.53.  The second phase is being finished, 
five lines are operating (Caracas-former busway, Autopista Norte, Calle 80, Americas and 
NQS), and more than 850,000 daily trips are being made. The service includes 69 kilometers 
of busway operating, 94 stations, 747 buses, and as of January 2006, an average speed of 
26.17 kilometers per hour. Its feeder system, which is a very important part of it, covers 
more than 432 kilometers, has 340 buses and fifty-seven routes (TransMilenio S.A.).  
 
Figure 2. TransMilenio: Phase 1 & 2.               TransMilenio: 2015 Plan 
 
Source: TransMilenio S.A. 
 
Stations are approximately 500 meters apart or one-quarter mile as suggested in 
transportation literature. The system provides exclusive lanes (one or two lanes, depending 
on the section and on the busway) separated by a discontinuous concrete barrier from mixed 
traffic. One major change implemented by TransMilenio stations is the elevated access to 
buses. Access to stations is provided by pedestrian bridges, overpasses, signalized 
intersections or even tunnels. Each bi-articulated bus has the capacity to carry 160 
passengers, and given that the system has express and local services, more than 45,000 
passengers per hour per direction can be served (Hidalgo and Sandoval, 2002).  
Autopista Norte
Calle 80
Caracas
Américas
Av. Suba
Corredor
Férreo Sur
NQS
CORREDORES EXCLUSIVOS DE TRANSMILENIO EN LA PRIMERA ETAPA Fase 1
Fase 2
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Figure 3. TransMilenio Busway 
 
 
Source: [1] TransMilenio [2] Mario Noriega 
 
TransMilenio’s numbers and success have astonished people all around the world. With low 
infrastructure costs, a quick implementation and political process, and extraordinary 
ridership, it has become a model of alternative mass transit for large cities. The first phase, 
the red busways shown in figure 2, had an approximate cost of US$5 million per kilometer, 
or 5% of the estimated cost per kilometer of the subway option considered, and had 
estimated net benefits of US$1.2 billion (CONPES, 2000; Targa, 2004). Besides these 
extremely low costs, TransMilenio has improved the notoriously lengthy travel times for 
Bogotá residents. Previously, trips could average seventy minutes at an average speed of 
twelve kilometers per hour. By 2002 system travel times were expected to be reduced by 
50%.  In reality system travel times were reduced by 32%, while average speeds were around 
twenty-five kilometers per hour (Hidalgo and Sandoval, 2002).  
 
Furthermore, a significant reduction in both accidents and air pollution levels has been 
achieved. Fatalities between 1999 and 2001 were reduced by 89% in these busways, while 
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emissions of sulfur dioxide, nitrogen dioxide, and particulate matter were reduced by 43, 18, 
and 12% respectively (Targa, 2004; Hidalgo and Sandoval, 2002). 
 
As mentioned before, with this new mass transit system came various political measures that 
could help the city attain its objectives. A license plate ban during peak hours restrains 
almost 40% of private automobile usage. A similar measure is applied to public transit (taxis 
and buses) to prevent oversupply exceeding the infrastructure capacity. Various policies 
involving sidewalk construction, parking restraints, and the provision of public parks and 
plazas have recaptured public space previously occupied by vehicles. Additionally, the largest 
bike path network in the world, with almost 350 kilometers of paved surface, has been built. 
Finally Bogotá voted to have an annual car-free day, hoping to encourage private vehicle 
users to learn about mass transit. All these measures are intended to achieve the greater 
TransMilenio plan: 388 kilometers of busway, covering up to 80% of daily transit trips, and 
almost 5 million riders (see figure 2). 
 
TransMilenio has faced multiple criticisms, from neglecting to provide adequate 
compensation for loss of property ownership around the busway to corruption during the 
construction phase. And again, the dilemma faced by planners and decision makers is in 
knowing what is best for the community and taking action to provide for the greater good. 
Although proper compensation may not have been given to groups involved, particularly lot 
and parcel owners, land and property taxes have been collected to improve nearby locations 
(Targa, 2004). Former mayor Enrique Peñalosa, the director of the Urban Development 
Institute, and the former director of the Colombian Association of Concrete Producers, 
faced charges of negligence and misinterpretation of specifications when the drainage of 
some segments of the busways failed and had to be repaired. To my knowledge, there is only 
one study that has examined the effects of busway impacts on property values (Targa, 2004), 
but there are no evaluative studies that measure the relationships between the built 
environment and ridership after controlling for socio-demographic characteristics.  
 
Providing developing cities, planners, and decision makers with innovative tools for 
understanding travel behavior and forecasting demand represents a major challenge.  
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VI. METHODS 
 
The initial study began by identifying which bus stops were desired to analyze, understanding 
their differences in area of influence, accessibility, and location. After the stations were 
identified, a tool that would allow the recording of very specific aspects of the urban form 
was needed. The implementation of pedestrian audits provides an excellent tool for 
measuring and conceptualizing both intangible and tangible aspects of the urban form. In 
this research PEDS mini (see appendix A) is the result of adapting PEDS and other existing 
audits to the specific needs for a developing city. PEDS mini collects data on station 
characteristics such as the following:  number of routes; provision of feeder service to the 
route; type (there are three types indicated by the size); environment variables such as land 
uses, population and urban density; pedestrian facilities such as width, material, obstructions, 
distance from façade to facility, and buffers between facility and road and bike paths; 
pedestrian amenities such as benches, crossing aids, and public illumination; and public 
perception of friendliness, criminal activity, and cleanliness. Reliability for this instrument 
has not been tested, but a table providing reliability results for PEDS questions that were 
included in PEDS Mini is in the appendix. In sum, reliability measured through kappa 
statistic and agreement scores was positive for environment and road attributes. When 
measuring pedestrian facilities and cycling environments kappa statistic and agreement 
scores were noticeably lower.   
 
Seventy-nine stations were operating on four main lines as of summer 2005. Of these 
stations, five are defined as Terminals and are very different in size, structure, and travel 
behavior. These terminals are located at the end of the lines, and they collect riders who live 
in adjacent towns and municipalities, mostly via feeders and inter-municipal buses.  These 
terminals manage a considerably larger volume of users than other stations, and because the 
aim of this study is to understand urban travel behavior, these five terminals were not 
included. In addition, the three upper east stations on line 4 (Americas) were closed for 
maintenance so those stations were not studied (Figure 4).  
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Figure 4. Map of TransMilenio System. All stations were audited except Terminals, 
which are located at the end of each busway (denoted by a colored-circular mark).  
Source: TransMilenio 
 
After identifying the number,  and type of stations for assessment (71, all except terminals), 
the area of influence was defined. Traditionally transportation literature recommends 
assessing an area of one-quarter mile, which is equivalent to 400 meters, but a buffer of 250 
meters was defined. Given the nature of Bogotá, its density and social construction, this area 
includes a wide variety of differences in urban form. Land uses, types of residences (usually 
single family and multifamily), commerce and retail establishments, vary along this defined 
area, forcing a more detailed definition. After conducting a field study to various stations, it 
was decided that five major segments to access each station were to be identified and 
assessed. Traditional blocks span between 80 and 100 meters, therefore each of the segments 
identified included two or three blocks. These segments were identified through field 
observation of pedestrians and bus users’ behavior, as well as urban form, in an effort to try 
to encompass the spectrum of possibilities.  In all, 71 stations were to be assessed, each with 
five segments per station, and each segment being approximately 250 meters long. 
 
In cooperation with the department of Civil and Environmental Engineering from the 
Universidad de los Andes, five civil engineering students were selected to conduct the 
assessment.  These students were selected based on their concentration in transportation and 
by previous experience with field projects. To maximize reliability, the team underwent a 
systematic training for four hours.  The training explained in a very clear and explicit form 
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the purpose of the study and the questions in the audit.  The training provided pictures of 
sample sites for each section and included a demonstration “site visit” so the team could 
have a better understanding of the process. Although there was not a training manual, a 
Power Point presentation included study purpose, objectives, procedure, and necessary 
guidance for answering questions. 
 
The data collection process consisted of two parts: segment assessments and pedestrian 
counts. For the first part, each staff member was provided with a map (Figure 5) that 
identified the segment to assess for each station.  The staff member covered the segment by 
walking and completed the audit form following the observation. In each segment a specific 
point that attracted people was identified to complete the second part of the process. During 
morning and evening peak travel times, staff completed one-hour pedestrian counts. 
Depending on safety concerns and the zone of the city where the segment was located, staff 
counted either during the morning or evening. Due to time and resource constraints, only 
counts during peak hours were conducted.  
 
1. Data  
 
Data from different sources and at different scales was collected to ensure that the model 
requirements could be satisfied. Two main sources of data collection were used. PEDS Mini 
was the tool used to record information at the micro-level, and socio-demographic 
information at the locality level was provided by the Planning Department of Bogotá 
(DAPD). It is very important to note the importance of the different levels of data collected. 
Aspects of the built environment are specific to the segment analyzed. Station attributes 
such as the presence of a feeder service are shared by all the segments within that station, 
but unique to each station. Finally, socio-demographics (such as as stratum) can be shared or 
common to stations that are geographically located within the same locality. Figure 5 
provides a clear view of the scale of locality, station, and segment definition.   
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Figure 5. Map of Station Segments. 
    
 
i. PEDS mini 
 
As mentioned before, data was collected through observation while walking by the segments 
and recording information on the audit form. All features collected through the PEDS Mini 
tool are specific to the segments, while other variables such as number of routes served, 
presence of a feeder service, alternative modes present (such as taxi, bus, or jitney) and 
number of boardings are common within a station. The first two variables, supply variables 
which we cover in more detail later in this chapter, are self-explanatory. Alternative was 
defined as the alternative modes easily available at a station. For some stations TransMilenio 
was the only option, while others had taxis, buses, and/or jitneys. The last variable is what 
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we refer to as ridership, volume of users or demand, and it is an average of daily boardings 
during the weekdays from June 13 to August 3, 2005. 
 
More specifically, PEDS Mini collects segment information where multiple aspects of the 
urban form are recorded. Basically, it encompasses quality of facilities, perception, and road 
interaction. Table 1 provides a detailed description of the variables utilized. Bike path 
presence was aggregated, obtaining the number of segments with bike paths divided by five, 
assuming that all segments should have bike paths. The land-use mix index was created 
dividing the number of land uses present by the total number of possible uses in a mixed 
environment, and then multiplied by one hundred. One cannot expect to have all nine 
possible uses defined in the audit form, but as literature suggests, having single and multi-
family residential, commercial, retail, institutional functions, recreational uses, and some 
industrial activity, create a highly mixed environment. The sidewalk continuity variable was 
created by calculating the inverse of the number of obstructions observed in the segment 
plus one (to avoid having zero as a denominator). The traffic control devices index was 
generated as the sum of the number of devices present divided by the total number of 
devices defined in the audit. This index includes the presence of traffic signal, pedestrian 
bridge, overpass, stop sign, striped crossing, and pedestrian signal. Finally, an amenities 
index was created by summing all the amenities present and dividing by the total number of 
possible amenities as defined in the audit form, multiplied by one hundred. This index 
includes the presence of benches, garbage cans, bike racks, public lighting, and appropriate 
signage.  
 
ii. Secondary data 
 
At the locality level, data was provided by DAPD and covers important aspects of socio-
demographics: population with unsatisfied basic needs (NBI), which is the amount of people 
per locality who are living with less than their basic needs; years of education, presented as 
the average number of years of education inhabitants of the locality have completed; the 
Gini coefficient, which is a measurement of distribution of wealth; population density in 
thousands of persons per square kilometer; and social stratum. Safety data was also reported 
by the DAPD including: number of violent deaths (murders); number of accidents involving 
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motor vehicles that reported at least one fatality; and total number of robberies. The number 
of robberies includes robberies of commercial establishments, banks, residences, vehicles, 
motorcycles, and individuals. All these were collected by locality for the year 2005. Given 
that some stations are located in the border or imaginary line that divides two or more 
localities, these numbers were manipulated using GIS, and weighting by population specific 
values for each station were obtained. 
 
 
2. OLS and econometric tools 
 
Ordinary least square methods are defined as mathematical optimization procedures used to 
analyze associations, which attempt to find a "best fit", between a continuous dependent 
variable and either categorical or continuous independent variables, attempting to minimize 
the sum of the squares of the differences.  
 
Using standard ordinary least square methods presents both positive and negative aspects, 
but in general we can say it is the preferred method used by researchers and scholars. In 
theory, given that its output is not restricted by any means, OLS could provide negative 
values for a variable that logically cannot be less than zero, such as ridership volumes.  (For 
example, it is impossible to have a negative value for bus users, e.g., -3.)  Besides, this 
assumes no heteroscedasticity or homoscedasticity and low collinearity among independent 
variables. When studying travel behavior some of the most reliable and common predictors 
such as median income, number of people in household, and auto ownership may somehow 
be correlated.  
 
The regression model estimated takes the following form: 
 
nn XXXy ββββ ++++= ...22110 , 
 
where y is the dependent variable, in this case number of the BRT daily boardings at each 
station, or number of pedestrians during the peak period when the audit was conducted. The 
independent variables measure segment, neighborhood, and bus level of service 
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characteristics. The coefficients (βs) accompanying each independent variable will be 
estimated with established econometric tools such as ordinary and generalized least squares 
methods. 
 
To avoid these problems other distributions may be assumed, such as Poisson or Negative 
Binomial, which given their nature do not allow for negative outcomes and relax some of the 
previous assumptions. On the other hand, a Poisson distribution assumes that the mean is 
equal to the standard deviation. This assumption is merely theoretical and rarely occurs in 
real life (Chu, 2004). A negative binomial distribution may be used if the dependent variable 
is equal to zero, which is not the case.    
 
In the same way other transformations may be explored to obtain a better normal 
distribution. Log-linear and exponential transformations are used oftentimes to obtain a 
more linear structure. Some of the forms these expressions may have are the following: 
 
nn XXXy ββββ ++++= ...)log( 22110  
nn
m XXXy ββββ ++++= ...)( 22110  
 
where after the analyses are done, a different interpretation of the coefficients is needed. 
 
3. Factor analysis 
 
Factor analysis is a widely used econometric tool which can be used for three purposes: to 
report and evaluate score validity; to construct theories concerning the nature of relations 
and associations; and “to summarize relationships in the form of a more parsimonious set of factor scores 
that then can be used in subsequent analyses” (Thompson, 2002, p.5). It provides two different 
approaches— exploratory and confirmatory analysis— and their use depends on the 
expectations of the user. If no particular expectations are outlined an exploratory analysis is 
performed, and it will “let the data talk.” On the other hand, if a specific relationship or 
expectation is present, a confirmatory analysis will be performed, hopefully to validate and 
confirm expectations.  
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For this case, exploratory analysis will be a better tool, for two basic purposes: first to 
understand and observe the relationships and associations between the different variables 
used, and second, to simplify the number of variables to conserve more degrees of freedom. 
Factor analysis involves a large number of steps in which the user’s criteria and 
interpretation play a definitive role. Interpreting the factor loadings is usually simplified by 
using the greater than 0.4 criteria as a strong loading, and directions (signs) will indicate 
either a positive or a negative and relation between the variable and the loading. This can be 
more of an art than a scientific process where by observing all loadings, their effects across 
all variables and their directions, a more complete understanding of the underlying 
associations and their magnitudes can be achieved.  
 
One very important step in performing factor analysis is the rotation. This is simply the 
process of rotating the axes where the variables are being measured in the factor space so 
that users can observe more easily and clearly the underlying natural associations. This is 
done by multiplying the unrotated coefficient matrix by a transformation matrix1, and there 
are multiple forms to obtain the transformation matrix. The orthogonal method constrains 
the rotation to 90-degree angles where factors will remain uncorrelated. The most commonly 
used is varimax, which is the default operation in many statistical packages (Thompson, 
2002). If simple structure is not clear using the orthogonal method, an oblique rotation 
method can yield better, more obvious, results. In this case, factors will be correlated, and as 
the correlation becomes larger, differences between the pattern and the structure coefficients 
will also become larger. Promax is the most commonly used oblique rotation, and it will 
perform a series of transformations, starting with an orthogonal rotation, and then 
exponentiating (by an even power) the structure coefficients and then placing the 
corresponding signs again. Finally, another type of rotation may be used--oblimin--which is an 
oblique rotation but includes a new parameter, delta δ, which constrains the correlation 
degree among factors. Values of delta closer to zero will yield highly correlated factor values, 
                                                 
1 It is important to note that the rotation process is basically to transform the loadings matrix, and 
depending on the method selected, different scores will be obtained. These values are not unique 
solutions; therefore, values used in the subsequent analyses can yield different result by using, 
different rotations.  
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and as larger values—its magnitude—are used, uncorrelated values of factors will be 
produced.  
 
After conducting the rotation, another step needs to be done:  factor scoring.  This involves 
various methods and is a step only conducted when the factor analysis is not the final result 
the user needs to analyze, but when it is going to be used in subsequent analyses. There are 
multiple methods to obtain factor scores, regression and Bartlett being the most commonly 
used methods. Although they present several differences, Bartlett is particularly focused on 
minimizing the influence of unique factors that are composed with single variables not 
usually extracted in the analysis (Thompson, 2002).  
 
After conducting the analysis, there are certain parameters and criteria that one may decide 
to use. Reliability can be measured in factor analysis using Cronbach’s alpha, which is 
computed as the ratio between the reliable variance (sum of squares) and the total score 
variance (total sum of squares) (Thompson, 2002). According to the literature, alpha 
coefficients greater than 0.7 are highly desired (Rodriguez, 2002).  Usually two tests are used 
to decide the number of factors to conserve: the Cattell’s scree test and the Kaiser’s rule. 
The Cattell’s scree test is the plot of the eigen-values and the Kaiser’s rule is the criterion of 
eigen-values greater than 1.0, which define the amount of variance the component explains. 
In general, the factor analysis is as much an art as a science and involves several steps where 
decision and treatment of methods and results can yield different final results, and therefore, 
lead to different conclusions. The number of factors selected, the method of factor 
extraction, the way they are rotated, and the procedure to obtain the scores are all necessary 
steps when using factor analysis for subsequent analyses. Each one of these steps, as noted, 
presents different methods involving and assuming certain characteristics, and although 
there are some standard tests, this analysis gives the user the power to decide what to do and 
where to go.  
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4. Endogeneity   
 
When structuring a model, one defines important relationships and their direction--cause or 
effect. By doing this, variables will be assumed to be either endogenous or exogenous, or 
inside or outside the scope of this model. When assuming exogeneity, we are assuming that 
the value of a variable is independent of the condition and status of the other variables in the 
model. Consider the following: 
 
Let ],,[ 211 zzyW = , and if )|(),|( 221 zyfzzyf = , 
 
then z1 has no explanatory power over y when controlling for z2, and hence is exogenous.   
 
Traditionally literature has focus on three variable sets that may create an endogenous 
problem: Service supply, amenities and land uses. This section provides further discussion in 
these sets. 
 
Various models as such as Portland, BART (PBQD et al., 1996a), and Chu have not 
addressed the service supply issue, or they have just considered that a simultaneous equation 
model was not required. This is supported on various assumptions: there is no desire to 
predict supply; there is no endogenous problem with boardings and service supply; and 
finally, boarding predictions will be conditional on service supply (Chu, 2004) 
 
In this case, there are two main variables that are service-supply-related: presence of feeder 
service and number of routes served by a station. Given that these aspects were designed on 
the bases of previous volumes of users (from previous public transit systems) and of existing 
land uses and well-defined activity centers, we have a causal problem that needs to be 
addressed. Presenting a reduced-form model, which will not include these two variables, we 
can implicitly account for these effects controlling for other variables such as land uses, 
presence, and mixture.  
 
Contrary to what literature suggests, amenities do not present an endogenous problem in 
this case. Other studies have raised the issue of amenities being placed after a given station 
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exhibits high ridership volumes; therefore, the causality is not well established. This has been 
the case for bus systems in the United States, but for BRTs and specifically for this case, all 
amenities placed in the surrounding area of stations follow guidelines that are related to 
design requirements of the busway (or exclusive lane), the Plan of Territorial Ordering (is the 
equivalent of a Long Range Land Use and Transportation Plan for an American MSA), and 
the long-term plans of the city. In this case, amenities were placed at the same time that the 
system was being built, before operating, complying with the casual relation proposed.  
 
In the past, researchers and scholars have argued that land uses and particularly densities 
tend to present an endogenous problem, given that people who are likely to use transit will 
locate in denser areas. Again we face the same problem:  we can exclude these variables and 
present a reduced-form model, ignore the problem under the correct assumptions, or 
develop a simultaneous equation model. Neither land uses nor densities can be excluded 
from the model given their importance in demand-prediction models. As Cervero argues, 
density is one of the most definitive aspects of the urban form that needs to be accounted 
for. The degree of mixture in land uses is also a key issue when trying to understand travel 
behavior. A simultaneous equation model can also present problems. Relocating or moving 
is not an easy process.  This may take a long time and is not as dynamic as mass transit 
demand, conflicting with principles of simultaneous modeling. Therefore we will assume that 
land uses and densities will not create an endogenous problem given that they cannot 
respond as quickly as other variables (service supply) to ridership volumes, and that they are 
not very elastic.  
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VII. ANALYSIS 
  
Two different levels of analysis were used expecting to yield different conclusions. The first 
level is the segment level, where the dependent variable is pedestrian counts. At this level we 
expect to find close relationships between the built environment, the quality of the facilities, 
the presence of amenities, and the road interaction and the number of pedestrians using the 
existing facilities. Even after controlling for socio-demographics, safety, and station 
characteristics, we believe these aspects may increase the volume of users.  
 
The second level of analysis is the station level where we expect to find that the urban form 
plays a secondary function, giving more regional variables such as station characteristics, 
neighborhood socio-demographics, and the presence of different alternatives a more 
explanatory role. Data collected at the segment level was also used in this level of analysis. 
To include these predictors, data was aggregated at the station level through a weighted 
average method. Instead of using a simple average of the presence and measurements 
recorded with the instrument, pedestrian volumes, also recorded, were used to scale the 
importance of each segment audited.  
 
1. Segment  level 
 
At the segment level the dependent variable is pedestrian counts and the model shall take the 
following form: 
 
inncP εββββ +Χ++Χ+Χ+Χ+= ...332211   (1) 
inncPLn εββββ +Χ++Χ+Χ+Χ+= ...)( 332211  (2) 
 
where, β1, β2 through βn are the coefficient estimates for station characteristics, physical 
attributes, perception, and neighborhood characteristics. The variables X next to each vector 
of coefficients correspond to the observed value of the independent variables measuring 
station characteristics, physical attributes, perception, and neighborhood characteristics for 
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the jth segment of the ith station. The c represents the constant and the ε represents the 
error term. 
 
Given that all the segments within a station share common (unobserved) characteristics, we 
control for correlation. The command robust cluster, which uses the White-Huber method, 
controls for model-based variances estimates in favor of the more model-agnostic robust 
variances, by providing accurate assessments of the sample to sample variability. In this case 
every station represents a sub-sample. 
 
2. Station  level 
 
In sum, the ordinary least square models for the station level ridership volume will take the 
following form: 
 
inncR εββββ +Χ++Χ+Χ+Χ+= ...332211    (3) 
inncRLn εββββ +Χ++Χ+Χ+Χ+= ...)( 332211   (4) 
 
where β1, β2 through βn are the coefficient estimates for station characteristics, physical 
attributes, perception, and neighborhood characteristics. The variables X next to each vector 
of coefficients correspond to the observed value of the independent variables measuring 
station characteristics, physical attributes, perception and neighborhood characteristics for 
each station. The c represents the constant and the ε represents the error term. 
 
Given the reduced number of observations at this level (71 stations as opposed to 355 
segments), fewer predictors were included to maintain a satisfactory number of degrees of 
freedom. Using factor analysis as the data reduction method, the model will now have the 
following form:  
 
innFFFFcRLn εββββ ++++++= ...)( 332211  (5) 
 
where each β will be the coefficient accompanying the factor scores yielded by the analysis.  
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Table 1. Description of variables 
Variable Definition Source 
Dependent   
Ridership Number of daily boardings per station TransMilenio
log_Riders~p Log of Ridership  
Ped_count Number of pedestrians that crossed a specific point PEDS 
log_Ped_count Log of Pedestrian count  
   
Station characteristics   
Alternative 
Alternatives of transit different from TransMilenio 
(from 1 to 3) PEDS 
Feeder  Presence of a feeder service (0 or 1) TransMilenio
Num_routes Number of routes served by a station (from 1 to 9) TransMilenio
   
Physical Attributes   
bikepath Presence of bike path (from 0 to 1) PEDS 
Land_Use_Mix Land use index (from 0 to 100) PEDS 
Buffer_SW_~d Buffer width between sidewalk and road (from 0 to 3) PEDS 
Traffic_Co~x Traffic control index (from 0 to 100) PEDS 
Sidewalk_C~t Sidewalk continuity (from 0 to 3) PEDS 
Sidewalk_W~h Sidewalk width (from 0 to 3) PEDS 
Sidewalk_Q~y Sidewalk quality (from 0 to 1) PEDS 
Amenities_~x Amenities index (from 0 to 100) PEDS 
   
Perceived 
characteristics   
percep_saf~y Perception of safety (crime) (from 0 to 3) PEDS 
percep_clean Perception of cleanliness (from 0 to 3) PEDS 
percep_ped~d Perception of pedestrian friendliness (from 0 to 3) PEDS 
percep_bik~d Perception of bike friendliness (from 0 to 3) PEDS 
percep_ove~d Overall perception (from 0 to 3) PEDS 
   
Neighborhood Attributes   
density Density (1,000 people per square kilometer) DAPD 
estrato Stratum (from 1 to 6) DAPD 
roaddensity Road density (linear kilometers in buffer)  GIS 
sum_inter 
Sum of three way and four way intersections (sum in 
buffer) GIS 
nbi_p Unsatisfied Basic Needs Index (from 0 to 1) DAPD 
edu_p Years of education (from 0 to 17) DAPD 
vioent_dea~l 
Number of violent deaths (1,000 people per square 
kilometer) DAPD 
car_acc_p_~l 
Number of vehicle accidents (1,000 people per 
square kilometer) DAPD 
total_hurt~l 
Number of robberies (1,000 people per square 
kilometer) DAPD 
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Table. 2. Descriptive statistics 
Variable Obs Mean 
Std. 
Dev. Min Max Spatial level 
Dependent       
Ridership 71 403.90 313.93 43 1850 Station 
log_Riders~p 71 5.72 0.79 3.76 7.52 Station 
Ped_count 346 458.06 344.34 38 2429 Segment 
log_Ped_count 346 5.89 0.69 3.64 7.80 Segment 
       
Station characteristics       
Alternative1 71 1  1 3 Station 
Feeder 1 71 0  0 1 Station 
Num_routes1 71 1  1 9 Station 
       
Physical Attributes       
bikepath 353 0.19 0.39 0.00 1.00 Segment 
Land_Use_Mix 353 32.66 17.73 0.00 85.71 Segment 
Buffer_SW_~d 351 0.59 0.59 0.00 2.00 Segment 
Traffic_Co~x 351 0.36 0.20 0.00 0.67 Segment 
Sidewalk_C~t 351 1.80 0.76 0.00 3.00 Segment 
Sidewalk_W~h 351 2.38 0.77 0.00 3.00 Segment 
Sidewalk_Q~y 353 0.68 0.30 0.20 1.00 Segment 
Amenities_~x 351 38.97 21.67 0.00 100.00 Segment 
       
Perceived 
characteristics       
percep_saf~y 353 2.31 0.74 0.00 3.00 Segment 
percep_clean 353 2.36 0.73 0.00 3.00 Segment 
percep_ped~d 353 2.27 0.75 0.00 3.00 Segment 
percep_bik~d 353 1.52 0.88 0.00 3.00 Segment 
percep_ove~d 353 2.21 0.75 0.00 3.00 Segment 
       
Neighborhood Attributes       
density 71 4.769 0.449 3.838 6.047 Station 
estrato 71 3.12 0.49 2.29 4.37 Station 
roaddensity 71 9.53 2.28 4.87 16.32 Station 
sum_inter 71 60.52 28.93 14.00 173.00 Station 
nbi_p 71 0.06 0.03 0.01 0.17 Station 
edu_p 71 11.78 1.38 9.30 14.65 Station 
vioent_dea~l 71 0.41 0.32 0.15 1.30 Station 
car_acc_p_~l 71 0.12 0.05 0.04 0.29 Station 
total_hurt~l 71 1.22 0.98 0.18 2.90 Station 
1 Value corresponds to the median 
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VIII. RESULTS 
 
The analysis and results are presented at two levels considering that ridership volumes are 
influenced by more general factors while pedestrian counts are generated at an even finer 
level.  This chapter presents the general way in which the analysis was conducted and the 
results from both levels of analysis. 
 
First, an exploratory factor analysis was performed, summarizing the relationships in a more 
parsimonious set. Instead of performing a confirmatory analysis to verify the relationships 
among predictors that were expected, an exploratory analysis was performed where all the 
physical attributes, perceived characteristics, and neighborhood attributes were included. 
After doing a screeplot and observing the eigen-values, four factors were determined to be 
retained. Different rotations were performed, and finally a varimax rotation was selected. As 
mentioned in section VI, a varimax rotation is an orthogonal rotation that allows factors to 
remain uncorrelated. It also was selected because it focuses on maximizing the differences 
between the squared pattern/structure coefficients on a factor (Thompson, 2002). Once the 
factors were rotated, factor scores were estimated using the Bartlett method. This method 
minimizes the influence of unique factors that are composed with single variables not 
typically extracted in the analysis (Thompson, 2002). Subsequently factor scores were 
included in econometric models explained in section VI. 
 
For both dependent variables--ridership and pedestrian counts--various regression models 
were performed. A Poisson model was tested, but given the nature of the dependent 
variables and their observed values, theoretically the model was not appropriate. 
Traditionally Poisson and negative binomial distributions have been applied for rather small 
positive integers with a significant number of observations having a value of zero.  This was 
clearly not the case. After observing histograms and trying to find a transformation that 
would best fit the dependent variables, a log-transformed model was selected.  
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1. Segment level 
 
The first level of analysis used was the segment level, to follow a logical scaled order. At this 
level, having a sufficient number of observations allows us to test various models. The first 
model presented is a model using factor analysis which is the same method used for the 
station level to observe differences in data behavior and factor composition. A second 
model with all the independent predictors is also tested to understand more clearly the 
relationships among predictors and the dependent variable.  
 
i. Factor analysis model 
 
The results yielded after the factor analysis were very satisfactory. Factor loadings after 
rotation are presented in Table 3. Factor scores using the Bartlett method are presented in 
the Appendix. 
 
From this analysis, we can clearly identify four factors with very specific characteristics, 
particular to their own area of influence. The first factor includes all variables concerning 
presence and state of pedestrian and cyclist facilities. At the same time, this factor accounts 
for the perception of the segment which in some cases may differ from reality, but can be 
even more important for decision making. We observe positive and significant loadings for 
this factor, with similar magnitudes. Factor 2 explains socio-demographics of the area where 
the information was collected. Population density, stratum, and years of education are 
measurements of urban activity, welfare, and degree of education among population. We 
observe how density has a lower loading and has a negative sign, producing a negative effect 
on the factor. The number of robberies is also included in this factor with a positive and 
significant loading. The third factor is clearly measuring people’s interaction with the road 
network. Population density, number of intersections, and number of road kilometers in the 
area have significant loadings and positive signs, indicating positive effects over the factor. 
Lastly, Factor 4 represents the safety of the area in terms of both crime and road safety. 
Violent deaths and number of robberies indicate crime activity, while car accidents account 
for street danger.  
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Table 3. Rotated factor loadings for Segment level* 
Varimax rotation used Factor 
 1 2 3 4 
Perception and Quality of facilities     
Sidewalk_Q~y 0.687     
Amenities_~x 0.585     
percep_saf~y 0.654     
percep_clean 0.728     
percep_ped~d 0.887     
percep_bik~d 0.651     
percep_ove~d 0.891     
Bikepath 0.440     
     
Road and land uses interaction      
Traffic_Co~x     
Roaddensity   0.921     
sum_inter   0.912     
Buffer SW_road     
     
Neighborhood socio-demographic characteristics     
nbi_p     
Density  -0.453   0.426     
Estrato  0.930     
edu_p  0.894     
     
Neighborhood safety     
vioent_dea~l    0.768 
car_acc_p_~l    0.727 
total_hurt~l  0.601     0.699 
     
Eigenvalue 4.931 3.019 1.906 1.572 
Cronbach's Alpha  0.213 0.059 0.456 0.357 
* factor loadings < 0.40 are left blank     
 
 
The final model has the following form:  
 
εββββββ +⋅+⋅+⋅+⋅+⋅+= 4_3_2_1_)( 43210 FactorFactorFactorFactoreAlternativPLn A  
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The model was highly significant with an F-statistic of 8.73, and it is significant at a 
confidence level of 99%. It presented an R squared of 0.153, which represents that the 
model explains 15.3% of the data--relatively poor explanatory power. A Variance Inflation 
Factor (VIF) was performed to observe the collinearity of the independent predictors, 
presenting satisfactory results (see Appendix). Heteroscedasticity (a constant variance of the 
error’s residuals is assumed) was also tested by plotting the error’s residuals and observing 
the dispersion. Although there is no discernible pattern, there is evidence of 
heteroscedasticity (see footnote).  A Breusch-Pagan/Cook-Weisberg test was also conducted 
with results showing as not very positive2. There is evidence to reject the null hypothesis; this 
is constant variance of the errors, presenting heteroscedasticity.  The Cook’s distance test 
was also performed in order to explore the influence of observations over the model and if 
they were affecting it, but results were satisfactory.  
 
Table 6 presents the results from the model, where Factor 1 is significant at a 95% 
confidence level, has a negative sign and a rather small magnitude. In general, one can 
interpret directly the coefficients and find elasticities, but since these results are based on 
factor scores (which are not unique, as explained in section VI), a more careful approach has 
to be adopted. Components of Factor 1 have all positive signs and have rather similar 
magnitudes, therefore one may conclude that they all affect the pedestrian volumes in a 
negative way. Although perceptions contribute a higher portion of the composition of the 
factor, presence of amenities and presence of a bike path also diminish the pedestrian 
volumes. This will be explained in more detail later in this chapter, when discussing another 
model; the effect of perception overcomes the benefits of amenities and facilities. 
 
The second factor presents a relatively high magnitude (the highest of the four factors), a 
positive sign, and is significant at a 99% confidence level. This factor is composed of four 
variables where stratum and number of years of education are positive and have higher 
loadings. Both variables impose a positive effect on the number of pedestrians. Population 
                                                 
2 Breusch-Pagan/Cook-Weisberg test for heteroscedasticity can reject the null assumption of constant 
variance, P= 0.0661 
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density has a negative and smaller loading, indicating a negative interaction with the 
pedestrian volumes. The last component of the factor is number of robberies and has a 
positive loading. The interpretation of the effects of the independent variables over the 
factor becomes more complex. In this case, results show that variables measured at the 
station level, which are the same for all segments of a given station, are decreasing the 
pedestrian volumes across segments. It is important to note that, because we acknowledge 
the fact that segments in one station will have the same neighborhood characteristics, this 
interpretation has to be understood across segments from different stations, which as stated 
before present different characteristics.  
 
Factor 3 is significant at a 95% confidence interval, but as in model 1, the coefficient has a 
relatively small magnitude, indicating little effect over the dependent variable. It is composed 
of road density, which is the number of linear kilometers of road in a buffer of 250 meters 
around the station. Having a positive loading represents an affirmative association with the 
pedestrian volumes. The number of intersections and population density also have positive 
loadings indicating positive effects over the number of pedestrians across segments. 
Although one may think that road network and intersections represent impedance to 
pedestrians, at the same time they are associated with movement, accessibility, and activity 
centers, encouraging pedestrian usage.  
 
The last factor is related to safety and security concerns, such as number of violent deaths, 
number of car accidents, and number of robberies, but given that is not statistically 
significant, any interpretation may not be valid.   
 
ii. Regression model  
 
A different model was tested including all variables that were included in the exploratory 
factor analysis as independent predictors which eliminates the difficulty of dealing with 
heteroscedasticity3, providing more confident results. Two different models were tested:  
                                                 
3 Breusch-Pagan/Cook-Weisberg test for heteroscedasticity cannot reject the null assumption of constant 
variance, Model 1 P= 0.6062; Model 2 P= 0.2587 
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model 1 includes all independent predictors and model 2 includes all independent predictors 
plus service supply variables.  To observe the model behavior after assuming service supply 
variables as endogenous, both models are presented in Table 4. Model 1 as a log-
transformed model presented a higher R-squared, 0.247, which increases the explanatory 
power of the model. It is more specific about the relationships between pedestrian usage and 
the independent predictors. This model shows that significant predictors include traffic 
control devices, sidewalk width, perception of cleanliness, perception of pedestrian 
friendliness, overall environment friendliness, population density, years of education, and 
number of violent deaths. In this model we can see how all aspects are encompassed and 
represented through at least one independent variable. Attributes of the urban form, such as 
sidewalk width and traffic control devices, are highly significant and have positive signs, 
confirming our expectations. Physical activity such as walking, represented in pedestrian 
volumes, is increased when the environment provides adequate infrastructure and facilities.  
 
The perception of the segments at different levels provides different results, somewhat 
confusing as their signs vary. In this model we can observe the effects of each individual 
variable more clearly than in the factor analysis model. In the previous model, the factor 
conformed by facilities and perception presented confusing results, while here each variable 
has its own magnitude and sign, expressing clearly its effect over the dependent variable. 
Perception of cleanliness and overall perception have a negative sign, representing an inverse 
relationship with pedestrian usage. Both variables can be explained by causality: Given that a 
segment is well-used, litter and trash are more likely to be found, while a segment that is 
perceived as clean may be a product of the lack of usage. Population density has a significant 
coefficient, but contrary to our expectations (expectations for ridership are not necessarily 
applied to pedestrian counts) has a negative sign, but its magnitude is relatively small. Road 
density and sum of intersections have the expected signs, positive and negative respectively, 
but neither of them are significant. Number of years of education has a positive sign, 
indicating a positive relationship with pedestrian activity. Finally, number of violent deaths is 
significant but has a positive sign. One may say that given that these segments present high 
numbers of pedestrians, they are more likely to have a higher number of violent deaths. 
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Model 2, which includes all the independent predictors plus the service supply variables, 
presents a very similar structure with the same model behavior. The R-squared, 0.312 is 
larger and indicates a higher explanatory power. Interestingly, the same predictors that were 
significant in the previous model are now significant with relatively similar magnitudes and 
the same direction (signs). All service supply variables are highly significant, but surprisingly 
they have different signs. Although we have argued that these variables present endogeneity 
problems  
 
given their definition, the model shows inverse relationships. Number of routes is the only 
variable that obeys our expectations, being highly significant and having a positive 
coefficient. Because of the possibility of results being biased due to Endogeneity, we cannot 
be confident about these results. A more detailed discussion is presented at the end of the 
chapter. 
 
The implications of the results from the factor analysis and from the log-transformed model 
are presented in the next section. 
 
After conducting various tests for heteroscedasticity, such as the scatter plot of the residuals 
and the Breusch-Pagan/Cook-Weisberg test, the model using data reduction (factors) at the 
segment level showed that the variance of the error was not constant. Because of this issue 
and the fact that factor analysis interpretation is far more complex than the traditional 
ordinary least square method with simple predictors, model 1 (without service supply 
variables) will be used for conclusions and for further interpretation. 
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Table 4. Regression model4 coefficients 
Model 1 ~ Without Service supply   Model 2 ~ With Service supply 
  Coef.   Robust std. error t - stat   Coef.   Robust std. error t - stat 
log_Ped_co~t          
Alternative      -0.107 * 0.061 -1.76 
Feeder      -0.212 ** 0.090 -2.36 
Number of 
Routes  
 
   0.119 *** 0.023 5.17 
bikepath 0.075  0.106 0.70  0.098  0.110 0.9 
Land_Use_Mix -0.001  0.002 -0.32  0.000  0.002 0.23 
Buffer_SW_~d -0.030  0.057 -0.53  -0.003  0.054 -0.06 
Traffic_Co~x 0.340 * 0.201 1.69  0.319 * 0.182 1.75 
sw_width 0.161 *** 0.059 2.74  0.171 *** 0.057 3.01 
sw_quality -0.036  0.074 -0.48  -0.030  0.070 -0.42 
Sidewalk_c~t 0.117  0.136 0.86  0.144  0.131 1.09 
Amenities_~x 0.002  0.002 0.88  0.003  0.002 1.36 
Perc_safety 0.081  0.082 0.99  0.061  0.082 0.74 
Perc_clean -0.230 *** 0.079 -2.92  -0.199 ** 0.076 -2.61 
Perc_ped_f~d 0.247 ** 0.099 2.49  0.239 ** 0.102 2.34 
Perc_bike_~d -0.079  0.061 -1.30  -0.066  0.060 -1.09 
Perc_overa~d -0.229 ** 0.108 -2.13  -0.177 * 0.101 -1.75 
density -0.003 ** 0.001 -2.32  -0.003 *** 0.001 -3.48 
roaddensity 0.083  0.058 1.43  0.017  0.046 0.38 
Sum_inter -0.002  0.004 -0.39  0.004  0.003 1.22 
nbi_p 0.862  1.149 0.75  -0.979  1.211 -0.81 
edu_p 0.181 *** 0.062 2.90  0.186 *** 0.052 3.58 
vioent_dea~l 0.314 * 0.182 1.72  0.481 ** 0.156 3.08 
car_acc_pmil -0.993  0.890 -1.12  -0.683  0.999 -0.68 
Total_hurt~l -0.044  0.092 -0.48  -0.170 * 0.086 -1.97 
_cons 4.240  1.045 4.06  4.494  0.922 4.87 
          
Summary       
Statistics  
 
       
Number of obs 344     344    
F( 24,    70) 11.99     11.48    
Prob > F 0.000     0.000    
R-squared 0.2468     0.3118    
Root MSE 0.61749         0.59302       
*** Significant at a 99% level, ** significant at a 95% level, * significant at a 90% level of confidence 
 
 
 
 
 
                                                 
4 The White-Huber method, which controls for model-based variance, estimates in favor of the more model-
agnostic robust variances, was used. 
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2. Station level 
 
The second level of analysis used was the station level, following the previous analysis 
performed at a finer level. The results of the factor analysis were very satisfactory, presenting 
an interesting variation between the composition of factors 3 and 4. Factor loadings after 
rotation are presented in Table 5. Factor scores using the Bartlett method are presented in 
the Appendix.  
 
From this analysis, we can clearly identify four factors with very specific characteristics, 
particular to their own area of influence. The factors composition is very similar at both 
levels of study, but an interesting exchange in significance occurs with factors 3 and 4. From 
this analysis, we can clearly identify four factors with very specific characteristics particular to 
their own areas of influence. The first factor includes all variables concerning the presence 
and state of pedestrian and cyclist facilities. Perception of safety, pedestrian friendliness, bike 
friendliness, and overall perception are included. We observe positive and significant 
loadings for this factor. Factor 2 explains socio-demographics of the area where the 
information was collected. Population density, stratum, and years of education are 
measurements of urban activity, welfare, and degree of education among population. We 
observe how density has a lower loading and has a negative sign, producing a negative effect 
on the factor. Number of robberies is also included in this factor with a positive and 
significant loading.  Overall perception in also included in this factor. The third factor 
represents the safety of the area in terms of both crime and road safety. Presence of traffic 
control devices, perception of safety, and NBI index (which is a measurement of people 
living with less than their basic needs) are present. Violent deaths and number of robberies 
indicate crime activity while car accidents account for road safety. Perception of safety has a 
negative sign, imposing a contrary effect on the factor. Lastly, Factor 4 is clearly measuring 
people’s interaction with the road network. Population density, number of intersections, and 
number of road kilometers in the area have significant loadings and positive signs, indicating 
positive effects on the factor. The final model has the following form:  
 
εββββββ +⋅+⋅+⋅+⋅+⋅+= 4_3_2_1_)( 43210 FactorFactorFactorFactoreAlternativRLn A  
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Table 5. Rotated factor loadings for Station level* 
Varimax rotation used Factor 
 1 2 3 4 
Perception and Quality of facilities     
Sidewalk_Q~y 0.751    
Amenities_~x 0.722    
percep_saf~y 0.686  -0.414  
percep_clean 0.758    
percep_ped~d 0.917    
percep_bik~d 0.727    
percep_ove~d 0.886 -0.484   
Bikepath 0.639    
     
Road and land uses interaction      
Traffic_Co~x   0.575  
Roaddensity    0.926 
sum_inter    0.921 
Buffer SW_road 0.582    
     
Neighborhood socio-demographic characteristics     
nbi_p   0.423  
Density  -0.441  0.436 
Estrato  0.926   
edu_p  0.876   
     
Neighborhood safety     
vioent_dea~l   0.691  
car_acc_p_~l   0.877  
total_hurt~l  0.563 0.676  
     
Eigenvalue 6.101 3.551 2.374 1.801 
Cronbach's Alpha  0.289 0.059 0.528 0.456 
* factor loadings < 0.40 are left blank     
 
 
The model was highly significant with an F-statistic of 12.  It is significant at a confidence 
level of 99%. It presented an R-squared of 0.413, which represents that the model explains 
41.3% of the data, a relatively good explanatory power. A Variance Inflation Factor (VIF) 
was performed to observe the collinearity of the independent predictors, presenting good 
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results (see Appendix). Heteroscedasticity was also tested by plotting the error’s residuals 
and observing the dispersion. A Breusch-Pagan/Cook-Weisberg test was also conducted and 
results were satisfactory5. The Cook’s distance test was also performed in order to explore 
the influence of observations over the model and if they were affecting it, but results were 
satisfactory.  
 
As mentioned previously, the approach to interpret the coefficients has to be more delicate 
considering that each factor consists of several independent variables with different loadings 
and different signs. The first factor has a negative sign and is significant at a 95% confidence 
level. It includes all variables concerning presence and state of pedestrian and cyclist 
facilities, as well as perceptions as in the previous level of analysis. Differing from the 
previous analysis, Factor 1 also includes the buffer width between the sidewalk and the road 
as a significant loading.  We observe positive and significant loadings for this factor; 
therefore one can conclude that presence of amenities and bike paths, sidewalk quality and 
perception at the aggregate level of stations have a negative effect on the ridership volume. 
This is contrary to what we expected for presence and quality of facilities, but given the 
loadings, it is possible that the effect of the perception will diminish the effect caused by the 
other variables.  
 
Factor 2 has a positive sign and, as in the previous analysis, has the strongest coefficient 
magnitude and is significant at a 99% confidence level. It explains socio-demographics of the 
area where the information was collected. We observe how density has a lower loading and 
has a negative sign, producing a negative effect on the factor, hence a negative effect on the 
number of boardings. The number of years of education as well as stratum have positive 
signs indicating a positive relationship with ridership. Number of robberies is also included 
in this factor with a positive and significant loading, contrary to what we expected. In this 
case, we can explain this effect with the causality of the model. Stations with higher ridership 
volumes are more likely to have criminal activity.  
  
                                                 
5 Breusch-Pagan/Cook-Weisberg test for Heteroscedasticity can reject the null assumption of constant 
variance, P= 0.1953 
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The third factor in this aggregated level of analysis does not involve road interaction, unlike 
at the segment level. This factor it is constituted by perception of safety, traffic control 
index, NBI index, and safety and security. At the finer level, a similar factor composed of the 
number of violent deaths, number of car accidents, and number of robberies was not 
statistically significant. Here, at a aggregated level, these variables, as well a perception of 
safety and the presence of traffic control devices, become statistically significant. Factor 3 is 
positive and is significant at a 95% confidence level suggesting a positive relationship 
between its components and the number of boardings per station. The only variable that has 
a negative loading in the factor is perception. All the components of the factor except 
presence of traffic control devices are contrary to what was expected. This factor again is 
explained by causality. Stations with high ridership volumes are more likely to be perceived 
as less safe and will present higher numbers of accidents as well as of criminal activity. 
 
Lastly, Factor 4 clearly represents a measurement of people’s interaction with the road 
network. Population density, number of intersections, and number of road kilometers in the 
area have significant loadings and positive signs, indicating positive effects over the factor. 
Because it is not statistically significant, no conclusions can be drawn from this factor. 
 
 
Table 6. Regression model coefficients  
   Segment Station 
Variables    
Alternative  3.640 3.641 
Factor 1  -0.092 ** -0.183 ** 
Factor 2  0.265 *** 0.423 *** 
Factor 3  0.091 ** 0.155 ** 
Factor 4  0.039 0.073 
Constant  6.010 *** 5.796 *** 
    
Summary 
Statistics   
Number of 
Cases 68 344 
R^2  0.413 0.153 
F statistic   8.730 12.200 
*** Significant at a 99% level, ** significant at a 95% level 
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IX. DISCUSSION 
 
Once we have the results yielded by these models, discussion is necessary to overcome 
problems and explain assumptions in a more detailed way. For this particular matter, the 
endogeneity problem is discussed.   
 
Predictors used in demand forecasting can be endogenous. Independent variables used as 
predictors are assumed to be exogenous, which is a significant assumption.  After reviewing 
the existing literature, it appears that there are few studies that have decided to apply the 
concept of endogenous variables. This problem refers to the correlation among predictors 
and among the error coefficient with one or more dependent variables, in this case ridership 
and its predictors and the imposed bias over the estimators. In this case the predictors would 
be biased, therefore the results from OLS analysis would be insignificant. These predictors 
are mostly related to supply variables such as number of routes and presence of amenities 
and, at a lesser extent, land-use variables. Since most of the literature reviewed did not 
include pedestrian and station amenities this issue was neither raised nor addressed by 
excluding these predictors or ignoring the problem. Although it is a very complex issue as 
Chu (2004) argues: “… the third approach would be to include stop amenities and to explicitly account for 
the endogenous problem. This could be ideal if we can find a way to do it”--it has to be solved to 
understand if there is a causal link between ridership and service supply and amenities. 
Recently, researchers argued that it is only after stations present large demand that these 
amenities are built.  
 
In order to solve this issue we have to introduce an instrumental variable, defined as 
variables that are not related, or exogenous variables. Finding an appropriate instrumental 
variable for demand models can be very challenging (Wooldridge 2003). A simultaneous 
equation model, using the appropriate instrumental variable, can be estimated to overcome 
this issue. 
 
This approach can be very demanding and will possibly yield biased results. In this case, as 
mentioned before, service supply and presence of amenities were treated differently from 
what has been suggested by literature. Amenities for the TransMilenio case represent part of 
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an integral package. With the implementation of the required infrastructure for the bus 
system to operate, additional infrastructure was built including, to a large extent, amenities. 
This does not represent nor obey the assumption of causality; therefore, endogeneity is not a 
problem. For service supply, predictors’ literature suggests that they can be included without 
incurring endogeneity. Service supply variables such as number of routes and the presence of 
a feeder system do create an endogenous problem for this case, given that these variables 
were estimated with previous demand volumes observed. Models including these variables 
were tested and are presented in Table 4, which suggests that endogeneity is not affecting the 
model structure and its consistency. Even though model results seem similar we have no 
statistical support to include these predictors.  Therefore, to obtain unbiased coefficients and 
due to the lack of a satisfactory latent variable, these predictors were excluded from the 
model.  
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X. CONCLUSIONS 
 
 
Previous research has demonstrated the effect of the built environment on physical activity, 
more specifically on walking and biking. Different studies have shown how the presence of 
sidewalks, population and employment density, and a friendlier environment can increase 
non-motorized trips. Pedestrian inventories and audits, as well as geographic information 
systems, provide new tools to measure the built environment at the micro level. But the link 
between these attributes and demand for mass transit systems has not been studied 
thoroughly. Expectations of this project about how the built environment should affect 
ridership volumes, after controlling for socio-demographics, were not tested previously. 
Alternative transportation systems such as BRT are being implemented around the world 
after proving the lack of sustainability and environmental friendliness of auto-oriented cities.  
 
Based on the previous premises, this study examined the relationships between the built 
environment recorded through a pedestrian audit and ridership volumes of the bus rapid 
transit system in Bogotá.  The project used OLS and econometric methods to assess this 
relationship among specific aspects audited at the micro-level after controlling for socio-
demographic variables. Overall, it provides strong evidence to support the importance of 
very specific aspects of the built environment that enhance transit ridership. Given that the 
study examined different levels of analysis, evidence for each level is satisfactory. Sidewalk 
width and traffic control devices around stations have been shown to increase pedestrian 
activity on segments and ridership volumes at stations. Evidence of the importance of 
perceptions is also presented in this study. Both aesthetics and safety play a defining role 
when a general perception of a segment is given, and this will be reflected in the effects on 
pedestrian flows and transit boardings.  While we found evidence that perception of 
pedestrian friendliness had a positive relationship with pedestrian activity, perception of 
cleanliness presented an inverse association. At both levels of analysis the direction of 
perceptions provide confusing results either supporting or discouraging pedestrian flows and 
daily ridership. Given that perception is very subjective and dependent on individual 
preferences, a causal link between perceptins and transit demand can not be clearly 
established. 
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Road interaction and traffic control devices prove to have a positive relationship at both 
levels of analysis with pedestrian activity and ridership. After observing the results yielded by 
the factor analysis we can compare the differences in the factor composition. At the segment 
level, road density and number of intersections are significant. A higher number of 
intersections as well as more kilometers of road network are associated with higher 
pedestrian activity. At the station level, these attributes are not significant and are substituted 
by crime and road safety. A higher number of violent deaths, number of car accidents, and 
number of robberies are all associated with higher ridership volumes. Although pedestrian 
accidents have been reduced considerably since the implementation of TransMilenio (see 
Chapter V) these variables that measure road safety and crime levels are associated with high 
levels of activity at the station and its surroundings.     
 
Previous studies have shown that population density and land-use mixing enhance walking 
and biking. Bogotá, as well as larger South American cities, is considered to be very dense, 
averaging around 3,500 persons per square kilometer. In the same way, multiple land uses 
are present throughout the total urban area--residential, commercial, and retail being the 
most common. High densities and mixed land uses are encouraging variables for transit 
system ridership in American cities where these are not present. Higher population densities 
seem to enhance ridership to a certain extent. In the case of Bogotá population density has a 
different effect. It presents a negative sign at both levels of analysis, proving it has a higher 
correlation with lower-income households and bus crowding than with ridership effects.  
Figures 6 and 7 show interesting patterns between social stratum, years of education and 
daily boardings per station.  
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Figure 6. TransMilenio ridership and social stratum 
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Figure 7. TransMilenio ridership and years of education 
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Results yielded by the analyses provide evidence of the positive relationships between social 
stratum, years of education, pedestrian flows, and daily station boardings. It is clear that the 
transit system is not serving the lower-income class particularly well for two reasons: first, 
the system does not provide access to both their origins and destinations; second, it is not 
affordable for them. Recent studies (El Tiempo, 2006) show an increase in walking and biking 
modes for lower-income classes due to the excessive share of monthly income taken up by 
transportation costs.  
 
Important conclusions can be drawn from this project understanding that there is no 
previous research that studies detailed aspects of the built environment and its relation with 
ridership of mass transit systems. This project provides an example, particularly for 
developing cities, of demand modeling at the micro level. The case of Bogotá has been 
proven to be successful due to various reasons: institutional support, high density, land-use 
mix around busways, and provision of good accessibility to the system. Considering that 
most developing cities are dense and have high degrees of land-use mixture, policy 
implications for peer systems can focus on providing institutional support and an attractive 
built environment. When you provide traffic control devices, better sidewalks, and a friendly 
environment that supports walking and biking near access points of mass transit systems, 
ridership will increase. 
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APPENDIX 
 
PEDS Mini: 
 
 
 
 
 
 
 
 
 
 
 
Fecha:__________________________________ PEDS # :  __________________
Hora:___________________________________
Longitud Aproximada:____________________ Auditor:___________________
Caracteristicas Estacion: 7. Obstruccion en el Segmento C. Ambiente Peatonal
Tipo: (Marque todas las que aplique) (Marque todas las que aplique)
Numero de Rutas: 1 15. Facilidades para el Trafico Peatonal
Servicio Alimentador: 1 1
Ciclorruta: 1 1
Alternativa: 1 1
1 1
1 1
0. Tipo de Segmento 1
1
2 1 16. Facilidades Peatonales
3 2 1
3 1
A. Entorno Ambiental 1
1. Usos del Suelo (seleccionar todos los presentes) 9. Esatdo de la Instalacion Peatonal 1
1 1 1
1 2
1 3 D. Seguridad
1 17. Percepcion 
1 1
1 2
1 0 0 3
1 0-2 1
1 2+ 2 18. Presencia de Mendigos 
0
2. Densidad Poblacion 1
1 Ninguno 1 19. Grado de Limpieza
2 Arbol 1 1
3 Pasto 1 2
3. Densidad Urbana Otro 1 3
1
2 E. Valoracion Subjetiva del Segmento
3 0 0
4. Articulacion de Edificios 0-2 1 #
1 2+ 2 #
2 #
3
Ninguno 1 1=Desacuerdo 2=Intermedio 3=Acuerdo 0=NA
B. Instalaciones Peatonales Arbol 1
5. Tipo de Segmento Pasto 1 F. Comentarios Adicionales
1 Reja 1
1 Otro 1
1
0 0
Asfalto 1 0-2 1
Concreto 1 2+ 2
Adoquin 1
Grava 1
Otro 1
Nicolas Estupiñan, MRP Candidate 2006 - Daniel Rodriguez, PhD
Carolina Transportation Program - University of North Carolina at Chapel Hill
PEDS 
mini
Recreacional/institucional
Intermedio
Limpio
Poco Seguro
Intermedio
Seguro
Bancas
Canecas de Basura
Ciclo-parqueaderos
Alumbrado Publico
SeñalizacionMalo
Regular
BuenoComercial 2
14. Ancho Buffers entre Via Peatonal y Trafico Motorizado
Cebra
Industrial/Comercial
Via de bajo volumen (2- Carriles)
Via de alto volumen (3+ Carriles)
Segmento Peatonal
Industrial
Comercial 1
2-4
4+
Puente Peatonal
Semaforo
Semaforo Peatonal
Pare
Paso a Nivel
Otro
8. Ancho de la Instalacion Peatonal (Metros)
0-2
Alta
Alta
Baja
Media
Nombre Estacion: ________________________
# Segmento:_____________________________
10. Distancia entre Fachada y Via peatonal (Metros)
11. Tipo de Buffers entre Via Peatonal y Ciclorruta
Vehiculos parqueados
Arboles
Canecas de Basura
Bolardos
Postes
Clima:___________________________________
6. Material del Segmento
No
Si
Poco Limpio
…es atractivo para caminar
…es atractivo para andar en bicicleta
…es agradable en general
Baja
Vacante/No desarrollado
Anden
Ninguno
12. Ancho Buffers entre Via Peatonal y Ciclorruta (Metros
13. Tipo de Buffers entre Via Peatonal y Trafico Motorizad
Media
Alta
Sendero Peatonal
Comercial/Residencial
Baja
Media
Residencial Sencillo
Residencial Multifamiliar
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PEDS Reliability Table for questions included in PEDS mini 
 
When a concordance statistic is calculated, the value is notated by a †. 
 
Section A: Environment  
Variable Kappa Statistic 95% Confidence Interval % Agreement 
Residential 0.878 0.756, 0.972 94.2 
Office/inst 0.627 0.394, 0.792 87.2 
Commercial 0.702 0.492, 0.857 90.7 
Vacant 0.168 -0.024, 0.376 91.9 
Recre use 0.901 0.724, 0.979 96.5 
Avg Kappa 0.605  92.4 
 
Section B: Pedestrian Facility 
Variable Kappa Statistic 95% Confidence Interval % Agreement 
Ped_facilty 0.928 0.847, 0.983 95.4 
Material -- -- 100 
Condition_path -0.061 -0.204, 0.169 59.3 
Condition_path2 -0.012 -0.024, -0.006  
Obstruction_path -0.083 -0.187, 0.054 50.9 
Obstruction_path2 -0.089 -0.175, 0.054  
Buffer sw road 0.686 0.530, 0.824 75.4 
Sw_width 0.371 0.081, 0.629 80.7 
Avg Kappa 0.334  76.0 
* Only con_path and obs_path used in calculation of average. 
 
Section C: Road Attributes 
Variable Kappa Statistic 95% Confidence Interval % Agreement 
Minlanes† 0.963  83.7 
maxlanes† 0.978  97.7 
Traffic control 
devices 
0.952 0.881, 1.000 95.3 
Crossing aid 0.855 0.734, 0.953 93.0 
Bike_fac -0.020 -0.036, -0.004 94.2 
Avg Kappa 0.529  89.1 
 
 
Section D: Walking/Cycling Environment 
Variable Kappa Statistic 95% Confidence 
Interval 
% Agreement 
Amenity 0.858 0.547, 1.000 95.4 
Clean -0.040 -0.062, -0.016 88.4 
Clean2 -0.040 -0.062, -0.016  
Building 
articulation 
0.349 0.221, 0.503 57.7 
Building 
articulation h 
0.337 0.226, 0.470  
Avg Kappa 0.484  73.7 
* Only dec_encl, clean, and artic_sh included in calculation of average. 
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Section E: Subjective Assessment  
Variable Concordance Statistic 95% Confidence 
Interval 
% Agreement 
walkatr 0.364†  67.4 
cyclatr 0.216†  52.3 
walksafe 0.226†  44.2 
cyclsafe 0.481†  16.3 
Avg Conc 0.177  42.1 
Avg Conc w/o  0.322  45.1 
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Results of factor analysis segment level: 
 
Factor analysis/correlation                         Number of obs      =      351 
Method: principal factors                            Retained factors    =        4 
Rotation: orthogonal varimax (Horst off)        Number of params =       82 
 
Factor Variance Difference Proportion Cumulative
Factor1 4.364 1.617 0.338 0.338 
Factor2 2.747 0.543 0.213 0.550 
Factor3 2.204 0.090 0.171 0.721 
Factor4 2.114 . 0.164 0.885 
 
LR test: independent vs. saturated: chi2(231) = 4781.33 Prob>chi2 = 0.0000 
 
Rotated factor loadings (pattern matrix) and unique variances 
Variable Factor1 Factor2 Factor3 Factor4 Uniqueness
bikepath 0.440 -0.259 -0.102 -0.072 0.724 
Land_Use_Mix -0.016 -0.267 0.159 0.006 0.903 
Buffer_SW_~d 0.348 -0.147 -0.216 -0.100 0.801 
Traffic_Co~x 0.074 -0.050 0.151 0.365 0.836 
Sidewalk_C~t 0.306 -0.220 0.098 0.106 0.837 
Sidewalk_W~h 0.687 -0.171 0.014 0.108 0.487 
Sidewalk_Q~y 0.037 0.129 0.010 0.011 0.982 
Amenities_~x 0.585 -0.212 -0.034 -0.081 0.606 
percep_saf~y 0.654 0.078 -0.038 -0.308 0.469 
percep_clean 0.728 0.057 -0.106 -0.061 0.452 
percep_ped~d 0.887 0.000 -0.043 -0.112 0.199 
percep_bik~d 0.651 -0.291 -0.075 -0.039 0.485 
percep_ove~d 0.891 0.028 -0.044 -0.166 0.176 
density 0.056 -0.453 0.426 0.157 0.586 
estrato -0.024 0.930 -0.116 -0.135 0.103 
roaddensity -0.066 0.008 0.921 0.026 0.146 
sum_inter -0.067 -0.200 0.912 -0.129 0.107 
nbi_p -0.260 -0.057 0.325 0.351 0.700 
edu_p -0.001 0.894 -0.112 0.076 0.182 
vioent_dea~l -0.124 -0.278 -0.057 0.768 0.315 
car_acc_p_~l -0.167 -0.004 -0.242 0.727 0.385 
total_hurt~l -0.220 0.601 0.104 0.699 0.092 
 
 
Factor rotation matrix 
  Factor1 Factor2 Factor3 Factor4 
Factor1 0.908 -0.253 -0.120 -0.311 
Factor2 0.107 -0.802 0.576 0.117 
Factor3 0.106 -0.301 -0.555 0.768 
Factor4 0.390 0.450 0.588 0.548 
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Factor Scores using Bartlett method:  
Variable Factor1 Factor2 Factor3 Factor4 
bikepath -0.0424 0.0177 -0.0071 0.0133 
Land_Use_Mix -0.0009 0.0158 0.0089 0.0053 
Buffer_SW_~d -0.0270 0.0095 -0.0165 0.0015 
Traffic_Co~x -0.0236 0.0076 0.0145 0.0571 
Sidewalk_C~t -0.0340 0.0139 0.0102 0.0319 
Sidewalk_W~h -0.1214 0.0150 0.0163 0.0791 
Sidewalk_Q~y 0.0045 0.0081 0.0029 0.0006 
Amenities_~x -0.0719 0.0133 0.0037 0.0211 
percep_saf~y 0.0928 0.0284 0.0124 -0.0362 
percep_clean 0.1257 0.0172 0.0049 0.0345 
percep_ped~d 0.3459 0.0354 0.0404 0.0790 
percep_bik~d -0.1018 0.0279 -0.0015 0.0438 
percep_ove~d 0.3830 0.0544 0.0466 0.0501 
density -0.0210 0.0410 0.0449 0.0495 
estrato 0.0179 0.5469 0.0241 -0.3112 
roaddensity 0.0500 0.0757 0.4510 0.0217 
sum_inter 0.0058 0.0087 0.5793 -0.1156 
nbi_p -0.0086 0.0095 0.0290 0.0507 
edu_p 0.0378 0.2809 0.0176 -0.0284 
vioent_dea~l -0.0403 0.0960 -0.0230 0.2954 
car_acc_p_~l -0.0188 0.0409 -0.0463 0.2129 
total_hurt~l 0.1116 0.2706 0.1506 0.7403 
 
Variance Inflation Factor  
Variable VIF 1/VIF 
Alternative 2.18 0.459 
Factor2 2.04 0.491 
Factor3 1.09 0.914 
Factro4 1.08 0.929 
Factor1 1.02 0.985 
Mean VIF 1.48  
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Scatter plot for error residuals  
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Results of regression model at segment level: 
 
 
Breusch-Pagan / Cook-Weisberg test for heteroscedasticity  
         
 Ho: Constant variance 
 Variables: Alternative factor1 factor2 factor3 factor4 
 
         chi2(5)      =    10.34 
         Prob > chi2  =   0.0661 
 
 
Variance Inflation Factor  
Variable VIF 1/VIF 
sum_inter 8.36 0.120 
roaddensity 7.24 0.138 
perc_overa~d 6.09 0.164 
perc_ped_f~d 5.93 0.169 
total_hurt~l 5.65 0.177 
edu_p 4.88 0.205 
vioent_dea~l 2.98 0.335 
car_acc_pmil 2.47 0.405 
perc_bike_~d 2.43 0.411 
perc_safety 2.15 0.465 
bikepath 1.95 0.514 
perc_clean 1.87 0.534 
density 1.75 0.573 
Amenities_~x 1.66 0.603 
sw_quality 1.65 0.605 
nbi_p 1.47 0.682 
Buffer_SW_~d 1.29 0.777 
Traffic_Co~x 1.27 0.786 
sw_width 1.23 0.814 
Sidewalk_c~t 1.22 0.822 
Land_Use_Mix 1.17 0.854 
Mean VIF 3.08   
 
Breusch-Pagan / Cook-Weisberg test for heteroscedasticity  
          
Ho: Constant variance 
Variables: bikepath Land_Use_Mix Buffer_SW_Road Traffic_Control_Index sw_width 
sw_quality Sidewalk_cont Amenities_Index perc_safety perc_clean    perc_ped_friend 
perc_bike_friend perc_overall_friend density roaddensity sum_inter nbi_p edu_p 
vioent_death_p_mil car_acc_pmil total_hurtos_p_mil 
 
         chi2(21)     =    18.67 
         Prob > chi2  =   0.6062 
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Scatter plot for error residuals  
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Results of factor analysis station level: 
 
Factor analysis/correlation                          Number of obs     =       68 
    Method: principal factors                        Retained factors  =        4 
    Rotation: orthogonal varimax (Horst off)        Number of params =     82 
 
Factor Variance Difference Proportion Cumulative
Factor1 5.418 2.181 0.332 0.332 
Factor2 3.238 0.436 0.198 0.530 
Factor3 2.802 0.432 0.172 0.701 
Factor4 2.370 . 0.145 0.846 
LR test: independent vs. saturated: chi2(231) = 1210.19 Prob>chi2 = 0.0000 
 
Rotated factor loadings (pattern matrix) and unique variances 
Variable Factor1 Factor2 Factor3 Factor4 Uniqueness
bikepath 0.639 -0.440 -0.010 -0.086 0.391 
Land_Use_Mix -0.172 -0.373 -0.037 0.356 0.702 
Buffer_SW_~d 0.582 -0.192 -0.228 -0.313 0.474 
Traffic_Co~x -0.135 0.081 0.575 0.197 0.606 
Sidewalk_C~t 0.202 -0.005 0.326 0.011 0.852 
Sidewalk_W~h 0.182 -0.195 0.172 0.205 0.857 
Sidewalk_Q~y 0.751 -0.208 0.166 0.022 0.364 
Amenities_~x 0.722 -0.280 -0.071 -0.024 0.395 
percep_saf~y 0.686 0.263 -0.414 -0.039 0.288 
percep_clean 0.758 0.205 -0.066 -0.189 0.343 
percep_ped~d 0.917 0.100 -0.095 -0.065 0.135 
percep_bik~d 0.727 -0.484 -0.009 -0.037 0.236 
percep_ove~d 0.886 0.189 -0.218 -0.048 0.129 
density 0.079 -0.441 0.304 0.436 0.517 
estrato 0.033 0.926 -0.038 -0.118 0.126 
roaddensity -0.082 0.011 0.070 0.926 0.130 
sum_inter -0.106 -0.185 -0.075 0.921 0.100 
nbi_p -0.290 -0.063 0.423 0.236 0.677 
edu_p 0.070 0.876 0.177 -0.115 0.183 
vioent_dea~l -0.237 -0.334 0.691 -0.173 0.324 
car_acc_p_~l -0.032 0.159 0.877 0.025 0.203 
total_hurt~l -0.310 0.563 0.676 0.028 0.130 
 
 
Factor rotation matrix 
  Factor1 Factor2 Factor3 Factor4 
Factor1 0.907 -0.133 -0.346 -0.203 
Factor2 0.002 -0.880 0.067 0.471 
Factor3 0.382 0.110 0.915 0.075 
Factor4 0.180 0.443 -0.199 0.855 
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Factor Scores using Bartlett method:  
Variable Factor1 Factor2 Factor3 Factor4 
bikepath 0.0772 -0.0719 0.0533 -0.0128 
Land_Use_Mix -0.0084 -0.0257 -0.0041 0.0239 
Buffer_SW_~d 0.0422 -0.0263 -0.0131 -0.0355 
Traffic_Co~x 0.0149 -0.0017 0.0898 0.0193 
Sidewalk_C~t 0.0209 -0.0059 0.0451 0.0025 
Sidewalk_W~h 0.0175 -0.0140 0.0288 0.0145 
Sidewalk_Q~y 0.1126 -0.0409 0.1044 0.0162 
Amenities_~x 0.0847 -0.0417 0.0358 0.0052 
percep_saf~y 0.0816 0.0770 -0.1046 0.0290 
percep_clean 0.0984 0.0333 0.0247 -0.0060 
percep_ped~d 0.3115 0.0517 0.0787 0.0465 
percep_bik~d 0.1481 -0.1278 0.1002 -0.0063 
percep_ove~d 0.2925 0.1124 -0.0314 0.0652 
density 0.0297 -0.0508 0.0755 0.0446 
estrato -0.0020 0.4463 -0.1321 0.0370 
roaddensity 0.0521 0.0894 0.0273 0.4589 
sum_inter 0.0211 0.0159 -0.0895 0.5702 
nbi_p -0.0027 -0.0106 0.0549 0.0164 
edu_p 0.0368 0.2749 0.0384 0.0235 
vioent_dea~l 0.0094 -0.1028 0.2184 -0.0591 
car_acc_p_~l 0.0963 -0.0141 0.4278 0.0097 
total_hurt~l 0.0098 0.1929 0.4124 0.0380 
 
 
Variance Inflation Factor 
Variable VIF 1/VIF 
Alternative 2.00 0.500 
Factor2 1.84 0.543 
Factor3 1.08 0.925 
Factro4 1.08 0.927 
Factor1 1.00 0.999 
Mean VIF 1.40  
 
 
Breusch-Pagan / Cook-Weisberg test for heteroskedasticity  
 
         Ho: Constant variance 
         Variables: Alternative factor1 factor2 factor3 factor4 
 
         chi2(5)      =     7.36 
         Prob > chi2  =   0.1953 
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Scatter plot for error residuals  
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